The expression of gene products in bacteria can be inhibited by the use of RNA external guide sequences (EGSs) that hybridize to a target mRNA. Endogenous RNase P cleaves the mRNA in the complex, making it inactive. EGSs participate in this biochemical reaction as the data presented here show. They promote mRNA cleavage at the expected site and sometimes at other secondary sites. Higher-order structure must affect these reactions if the cleavage does not occur at the defined site, which has been determined by techniques based on their ability to find sites that are accessible to the EGS oligonucleotides. Sites defined by a random EGS technique occur as expected. Oligonucleotides made up primarily of defined or random nucleotides are extremely useful in inhibiting expression of the gyrA and rnpA genes from several different bacteria or the cat gene that determines resistance to chloramphenicol in Escherichia coli. An EGS made up of a peptidephosphorodiamidate morpholino oligonucleotide (PPMO) does not cleave at the same site as an unmodified RNA EGS for reasons that are only partly understood. However, PPMO-EGSs are useful in inhibiting the expression of targeted genes from Gram-negative and Gram-positive organisms during ordinary growth in broth and may provide a basis for broad-spectrum antibiotics.
T he utility of bacterial transformation for therapeutic purposes has been limited by the number of species that will undergo transformation and the frequency with which that event happens. To accommodate new therapies that involve small nucleic acids, a means has to be developed to enable bacterial species to take up these nucleic acids with relative ease. The covalent linkage of arginine-rich peptides to the ends of chemically-modified RNAs facilitates the uptake of the RNA analog (1, 2) and other similar molecules (4, 5) . This methodology in combination with an effective means of inactivating gene expression has to be developed to make it useful for therapeutic agents. There are other processes that function in bacteria to inhibit gene expression (3, 6) , but the external guide sequence (EGS) technology (7, 8) that is mediated by RNase P cleavage of the target RNA seems optimal in this regard.
RNAi and siRNA (ref. 9 and references therein) are not useful tools for the transformation of bacterial species because these RNAs rely on an intracellular complex, the Dicer complex (9) in particular, to release ssRNA that will base-pair with the target mRNA. EGS technology, which is just as effective as siRNA in mammalian cells in tissue culture (10) , is very effective in Escherichia coli (11, 12) and Salmonella typhimurium (13) . Bacterial cells can be altered from drug resistance to drug sensitivity with the methods generally described here (11) , and a similar method has also been reported (14) . Essential genes can also be inactivated in terms of their expression. The EGS method will allow 3-bp mismatches over 15 paired nucleotides (12) and still be effective providing the 3-bp mismatches are not contiguous in the target mRNA:EGS complex. Thus, 3 mutations in the target mRNA can still be overcome by the EGS technology.
We have studied the events in vitro subsequent to the use of small oligonucleotides to verify that the EGS technology is functional as envisaged, and we have also examined the use of modified RNA oligonucleotides with the same bases of EGSs to explore the effectiveness of the EGS technology. We determined that EGS oligoribonucleotides originally coded for by plasmids do enable cleavage by RNase P of the target mRNA at the same site as expected in vitro. The modified peptide-phosphorodiamidate morpholino oligonucleotides (PPMO-EGSs; ref. 1) also enable cleavage by RNase P but not always precisely at the same site as may have been predicted by the theoretical aspects of EGS technology. Nevertheless, these latter chemically-modified RNAs function as EGSs to inhibit expression of the target mRNA in prokaryotes. Other work with PPMOs that hybridize to sequences near the start codons of genes as antisense oligonucleotides has been somewhat successful in inhibiting gene expression (1, 2) . The PPMO-EGSs enter several species of bacteria in broth, as do PPMOs (1), and broaden the possibility of EGSs and other methodologies as clinical tools.
Results
Design of EGSs. Two methods were used, one that relies on specific identification of accessible regions for the binding of oligonucleotides in target RNAs (7, 8) , and another that relies on the use of a random mixture of EGS compounds (rEGS; ref. 15 ). Specific EGSs designed by the first method were used to inactivate expression of the cat gene in E. coli (11) and the gyrA and rnpA genes (12) in E. coli and S. typhimurium (13) . The latter 2 are essential genes, and the details of these preparations are described in Materials and Methods. EGS sequences determined in the cat and gyrA cases (Tables 1 and 2) were used to design PPMO-EGSs that have identical sequences. A variation of the rEGS method that uses some defined oligonucleotides in certain genes (partially random EGS; prEGS) was also used to determine the cleavage site in the gyrA and the rnpA genes of E. coli in vitro and the inactivation of 2 other bacteria in vivo (Tables  3-6 ). Sequences of, e.g., gyrA were listed from a number of bacteria and a particular region was chosen ( Table 2 ) that had a high percentage of homology. Some of the nucleotides were constant or were pyrimidines or purines, whereas others were distributed among 3 or 4 of the nucleotides. This latter case became N in the prEGS, indicating a prEGS, and the others were as constant, or Y or R.
The rEGS method was also used to design EGSs to attack the mRNA of the gyrA and rnpA genes in several bacteria, both Gram-positive and Gram-negative, as will be described below. The target RNAs were internally or end-labeled with 32 P, and the RNase P assay was standard (see Materials and Methods), and all of the components of these reactions were from E. coli. Precise identification of the cleavage sites was aided by running gels for different lengths of time and the utilization of marker RNAs ( Fig. S1 and S2 ). Subsequently, the cleavage products isolated from the gels can be further identified by running complete RNase T1 digestion or primer extensions, as shown in Fig. S1 and Fig. S2 . Although there may be an uncertainty in cleavage site identification by 1 nt in some cases, the results of cleavage site identity are clear enough, with RNA marker identity ( Fig. S1 ) to allow further observations. We note, for example, that the CAT mRNA was cleaved at position 67 (1 is the identity of the first nucleotide in the coding mRNA sequence) by EGSCAT1, which is the expected site from the design of the EGSs. With PPMO-EGSs there was miscleavage 20 nt upstream of the ''expected'' site as indicated ( Fig. 1B) . With respect to the gyrA mRNA, specific EGS cleavage at the expected site is found (site 241) and a weak secondary cleavage site (site 341). The PPMO-EGS also has 2 cleavage sites for gyrA mRNA, 171 and a weak one at 276 and a prEGS cleaves at the expected site, 313 ( Fig. 2 ). In preliminary experiments, the rnpA mRNA was cleaved only at the specific, expected site by EGSs designed to do that. The PPMO-EGS for rnpA mRNA directed at Ϫ2 and 32 showed no strong cleavage at all under the conditions we used in the initial experiments with a shortened version of the rnpA mRNA but an mRNA with a longer 5Ј sequence upstream of the coding region was cleaved at A Ϫ18 by a PPMO-EGS designed for C Ϫ2. A prEGS against the rnpA mRNA cleaved at G 185 and the PPMO-EGS cleaved at G173, consistent with other results of PPMO-EGSs in preliminary experiments.
There is no required binding to the same site between a prEGSs and specifically-designed EGSs and PPMO-EGSs designed for the same accessible site. Partial homologies in parts of the mRNA targeted sequence may play a role in determining a cleavage sites in both of these cases as is discussed below, but the PPMO-EGS may choose another locale in the mRNA with similar homologies. The prEGS cleavage site was determined in 1 rapid experiment, and there is no expectation of miscleavage in that case nor is there any expectation of exact determination of the locale of accessibility as with the other EGSs with a prEGS.
The PPMO-EGS cleavage sites are as yet unclear in terms of their selection of cleavage sites. The basis of miscleavage by PPMO-EGSs is not understood, although we note that the sequence GGCAU occurs near the EGS CAT1 cleavage site in the CAT mRNA and in the PPMO-EGS cleavage site. Quite remarkably, there is an apparent similarity in the cleavage of the gyrA sequence. In this case, the sequence GGUGACU (UG is looped out of a base-paired region in the secondary structure of M1 RNA) occurs near both sites. The EGS sites are where we would expect them to be and they are close to the terminus of the 5Ј side of a helical segment of the mRNAs. The PPMO-EGSs are near the beginning of a loop region and are not at a canonical RNase P cleavage site. The presence of the same sequence near each cleavage site may be an indication of binding stability of the EGSs or PPMO-EGSs to the target mRNA or to part of the RNase P RNA but this is not known. If PPMO-EGSs that target the CAT mRNA are used that differ in the position of the peptide, either the 5Ј or the 3Ј end of the PMO-EGS, then a very small difference in gel mobility is seen (Fig. S3 ). This difference, on further analysis in PAGE of the cleavage fragments is caused by a 1-nt difference in the molecular weight of the compounds.
The positively-charged peptide of a PPMO-EGS could interact with the target mRNA or the RNase P RNA (by competing with the conserved sequence of positively-charged amino acids in the RNase P protein) and change their structures to lead to a nonobvious cleavage site becoming accessible. However, the PPMO-EGS structure involved in the complex is not apparent. It is unknown whether it is a helical structure or an alternative that is more extended in space. The details of the energy of interaction cannot solely be attributed to hydrogen-bonding contacts between the bases in the PPMO-EGS and the target mRNA. Aspects of tertiary structure or details of the secondary structure that cannot be included in the mfold program (16) must also be significant in these cases in determining cleavage sites.
We note also that RNase P RNA from E. coli (M1 RNA) is Table 2 
. rnpA mRNAs (top line) and EGSs (bottom line) and Tm of hybrids
Organism mRNA-EGS hybrids Tm ( o C) of hybrids E. coli 185 GCAAUCGGAUUAAACG 201 | | | | | | | | | | | | | | | | CGUUAGCCUAAUUUGC 59.0 B. subtilis GAAAUCGGAUCAAACG | | | | | | | | | | | | | | | | CUUUAGCCUAGUUUGC 58.6 E. faecalis GAAAUGCUG -UGAAGCG | | | | | | | | | | | | | | | CUUUA -GACAACUUCGC
39.1
Partially random EGS CGYUUNAUCNGAUUNC mRNA targets and EGS identities of rnpA genes. mRNA sequences are listed as 5Ј to 3Ј. EGS sequences are listed as 5Ј to 3Ј. Nucleotide numbers are for the E. coli sequence. All other nucleotide numbers are close to the E. coli numbers but are not exact. N indicates any one of the 4 nt. active in cleaving the target mRNA in the company of an EGS. However, the RNase P RNA is not capable of cleaving a target mRNA in the presence of a PPMO-EGS ( Fig. S3 ) nor is it capable of cleavage alone on a target mRNA.
Theoretical Prediction of Cleavage Sites Using Partially Random
Primers for Target mRNAs and rEGSs. The sequences for target mRNAs of gyraseA genes (www.ncbi.nim.nih.gov, National Center for Biotechnology Information Genbank gyrA gene ID 946614), 5 bacteria, and rnpA genes (www.ncbi.nim.nih.gov National Center for Biotechnology Information Genbank rnpA geneID 948215), 3 bacteria, are listed for both Gram-negative and Gram-positive ones, as shown in Tables 1 and 2. In the case of the gyrA gene there is sufficient homology among the bacteria to predict a single partially-random set of primers for use in cloning fragments that code for all mRNAs from genomic DNA. In the case of rnpA, the mRNA in each case must be cloned separately because of differences in sequences adjacent to the region that is to be cloned. In both cases, there is sufficient homology to use a partially-random sequence to design prEGS primers for each gene (see Tables 1 and 2) . Once an mRNA fragment has been identified, an rEGS or a prEGS can be found immediately.
Particular individual gels for assay of the rnpA prEGSs, in combination with labeled mRNA and RNase P from E. coli, are shown in Fig. 3 . Successful cleavage is indicated by an increase in the intensity of the band indicated in the prEGS lanes. The theoretical and experimental targets of several sequences are shown in Table 2 . For the case of rnpA, additional experimental sequences that arise from the rEGS initial assays are shown and the amount of mismatches from the theoretical sequence are also indicated. Note the mismatches shown in Fig. 3 , in which cases we never see Ͼ3 mismatches as expected. G-U pairs and A-C pairs do occur in several cases. Although our previous estimates of mistargeting mRNAs with EGSs have not revealed any such interactions, in the cases discussed here, mismatches that affect genes other than the target identified can only be of some aid in inactivating bacteria under study.
The assay for prEGS for gyrA mRNA showed the correct, expected cleavages in vitro and some secondary cleavages for Staphylococcus aureus and Pseudomonas aeruginosa (Fig. S4 ), in which case 2 or 3 mismatches in the hybrids exist.
Using the mfold program (16) for energy of interactions in hybrids for rnpA prEGSs, we find that most additional mismatched sequences are ''acceptable'' target RNAs as judged by the parameters of the oligonucleotide complexes (reaction at 37°C; C T ϭ 0.01 M; Na ϩ ϭ 1 M; Mg 2ϩ ϭ 0 M; C T ϭ target RNAs:EGS concentration). Some sequences that were not perfect matches had melting temperatures closer to 37°C but still were cleaved in vitro ( Fig. 3 A and B) . In the case of rnpA in Enterococcus faecalis, mRNAs:EGS complexes that contain 2 hybrids that are mismatched are shown in the gel, indicating cleavage of the complexes in vitro (Fig. 3A) . However, the theoretical comments apply only to naked RNAs that would be delivered by plasmids that contained these sequences in vivo. The theoretical calculations do not precisely reflect what happens in solution with the fragment of the mRNA used as a target: the experimental results indicate more stable pairings between EGSs and the whole fragment of the mRNA targets. Sequences in the target mRNAs other than in the hybrid regions obviously provide more stability to the EGS-mRNA complexes than anticipated from the limited theory of the association of the hybrid complexes. We have not determined the binding sites as a consequence of changes in the salt composition of the buffers.
Utilization of PPMO-EGSs. PPMO-EGSs were mixed directly with cells for uptake in rich medium. This is not a conventional transformation procedure. An electrophoretic transformation step was carried out briefly in 1 case with E. coli but it proved not to have properties that were effective over the simple mixing procedure. The PPMO-EGSs do not have the negative charge of naked DNA or RNA. No other polymers, like PNA polymers, have been tried in these experiments. However, other researchers have also tried PPMO antisense molecules, targeted to the initiation site for translation, with some success (1, 6) .
We had shown that 2 EGSs used simultaneously to inhibit gene expression were very effective in converting drug resistance to drug sensitivity by transformation in E. coli (11) . Two cat PPMO-EGSs targeting 2 different sites in the cat mRNA were also effective in converting drug resistance to drug sensitivity ( Table 3 ). EGSs against gyrA mRNA were also effective (12, 13; all experiments with EGSs per se were done with plasmids that contained genes coding for the EGSs) as were their respective PPMO-EGSs (Tables 4 and 5 ). The PPMO-EGSs worked very efficiently in this case but the temporal stability of this effect does not seem promising at this time. The time of effectiveness of the PPMO-EGS solution procedure was optimal Ϸ4 h after mixing. After 4 h the PPMO-EGSs were less effective in our experiments, either because the peptide fragments were degraded or the fraction of cells that ingested them was already saturated and their roles were superfluous. Another possibility is that the PPMO-EGSs encourage uptake and discharge of these molecules and perhaps, after 4 h, there is less PPMO-EGS inside the cells.
Plasmids that contained 2 gyrA EGS components and 2 rnpA EGS components were quite effective in transformation experiments (12) . However, a mixture of 2 different gyrA PPMO-EGSs was also effective, but somewhat less so than the cat PPMO-EGSs (Table 4 ). PPMOs against the AUG initiator region were successful in many different bacteria (1), both Gram-positive and Gram-negative, but quantitative results are not available. Two Gram-positive bacteria were also assayed in our system with the gyrA PPMO-EGSs.
PPMO-EGSs successfully inhibited the growth of Bacillus subtilis and E. faecalis to Ϸ10-30% of the control culture when the gyrA gene was targeted (Tables 3-6 ). In the case of B. subtilis, the effective concentration of PPMO-EGSs was Ϸ10- fold lower than that used for E. coli. Although it is clear that the cell walls of the 2 bacteria are different, it is not known whether this specifically affects our results. The timing of future PPMO-EGS doses to completely inhibit the expression of the genes listed here remains to be explored.
Discussion
We have provided data regarding the nature of the biochemical interaction between an EGS, a target RNA, and RNase P in prokaryotes in vitro. Although the results of the phenotypes of such interactions have been published (11) (12) (13) , the specific identification of cleavage sites in the mRNAs and the probability of their functioning has not been measured as we show here. The presumed interaction of these elements occurs as previously imagined and seems to occur in the same manner in all of the bacteria tested. Only E. coli RNase P was used in these experiments but previous experience indicates that other species of RNase P from different bacteria will work in the same fashion.
The correlation between the precise numbering of the nucleotides in the mRNAs for cleavage at expected sites and nonexpected cleavages by PPMO-EGSs in vitro indicates that there are significant cleavages aside from the expected ones. We did verify that 3 mismatches between an EGS and the target RNA still function to inactivate the target mRNA as has been shown before with genetic experiments (see Tables 1 and 2 and ref. 12 ). We actually analyzed the mRNA sequences of Ϸ10 bacteria in each case although fewer are shown in Tables 1 and 2. The rules of hydrogen bonding, including wobble, are apparent in examining the data in Fig. 3 . Weak interactions between A-C base pairs apparently contribute to the stability of the hybrids. Are results in vivo different? In keeping with our methodology, it is actually very challenging, if not impossible, to determine the cleavage sites in vivo because the remaining living cells would not contain the cleaved mRNA or would compose a very small fraction of the living cells.
The 2 methods used to design EGSs (7, 8, 15) do not always correlate with accessible sites for oligonucleotide hybrids in the target mRNA as it is calculated from the mfold method (16) . The same is true for PPMO-EGSs, where an even greater difference is found between the expected site and the site of cleavage. Previous data regarding the minimal substrate features that guide cleavage of a substrate by RNase P (7), i.e., a short portion of a double helical RNA with a 5Ј single-stranded segment, suggest that the structure cleaved in a PPMO-EGS complex with an RNA is unusual because the PPMO segment is an unknown quantity in solution in a hybrid with the target RNA. It is always possible to assign some factor of higher-order (tertiary) structure in solution to explain similar phenomenon but no available data are evident yet in these cases. With respect to PPMO-EGSs, there must be other factors involved including ionic interaction between the arginine-rich peptides and the negative charge of the phosphodiester backbone of the target mRNA. Of course, if the positively-charged peptide substitutes in some manner for the typical conserved positively-charged region of amino acids in the protein component of the RNase P holoenzyme, then one could imagine a binding to a part of RNase P RNA by the cationic segment of the PPMO-EGS and an anomalous shift in the cleavage site that the enzyme should make. A PMO-EGS, the morpholino oligonucleotide with a sequence complementary to the main site cleaved in the CAT mRNA, however, also cleaved at an unusual site, T38, but at a rate 10-fold slower than the PPMO-EGS in preliminary experiments. A subsequent problem is the design of the newly-recognized cleavage site. If the PPMO-EGSs are degraded in vivo, the mechanism of action of cleavage site selection by the PPMO-EGS may be affected by a degraded PPMO-EGS in which the peptide fragments have been removed (1) and the cleavage sites selected in vivo may be different from the ones identified in vitro.
Our experiments with PPMO-EGSs on the viability of wildtype bacteria grown in broth are simple: mix the gene-targeted PPMO-EGSs with the broth and assay cell counts after a period. The most efficient experiments are on the inactivation of drug resistance although there is considerable loss of viability with essential genes. In fact, the loss of drug resistance is remarkable (10 Ϫ3 inactivation with 1 dose) with the PPMO-EGSs and supports earlier experiments in which plasmids that coded for the attack on cat resistance genes by transformation were also promising (11) . Similarly, 2 copies of PPMO-EGSs attacking different sites in the gyrA gene are much more effective than 1 PPMO-EGS attacking a single site.
Several researchers have investigated the effects of peptidelinked oligonucleotides on gene inactivation in bacteria (1, 2) . In some cases peptide nucleic acids (PNAs) have been used and PPMOs (4) (5) (6) . Both of these polymers are antisense molecules that hybridize to regions near the initiator codon of genes in bacteria. These data are comparable to ours and strengthen the notion that the facilitating agents are useful clinical tools if their efficiency in terms of the effective molarity can be improved. It does seem apparent that the PPMO-EGS method is more efficient in curing cells of drug resistance than it is to stop cell growth by inhibiting the production of essential proteins (Tables  3-6 ). We note again that 2 EGS attacking different sites in the same target mRNA are dramatically better than 1 EGS.
PPMOs can be used to cure mice of bacterial infections (2) . Our data lend support to the further exploration of EGSs and PPMO-EGSs to cure not only infections of mice but also of humans with respect to both internal and external (skin) infections.
Materials and Methods
Bacterial Strains and Plasmids. Strains used were: E. coli SM105, thr-1, araC14, tsx-78, ⌬(galK-attLAM)99, hisG4(Oc), rfbC1, rpsL136(strR), xylA5, mtl-1, thi-1; and E. coli DH5␣, F Ϫ 80 dlacZ⌬M15 ⌬(lacZYA-argF)U169 deoR recA1 endA1 hsdR17(rk Ϫ mk ϩ ) phoA supE44 Ϫ thi-1 gyrA96 relA1. Ampicillin or carbenicillin (100 g/mL) was used for plasmid selection and maintenance in E. coli. Plasmids: pUCT7/AEFRNAHHT7T (17, 18) , pGEM-T (Promega), and pBluscript II SK(ϩ) (Stratagene). 
Oligonucleotides

Cloning of gyrA Fragments and Preparation of mRNAs and EGSs.
We amplified the gyrA gene 5Ј fragment by PCR using universal primers GyrA F (5Ј-GTN NTN GGN AAN TAN CAN CCN CA-3Ј) and GyrA R (5Ј-GGN GGN ATN TTN GTN GC-3Ј). The resulting PCR product was directly ligated into pGEM-T vector, and the sequence was confirmed by DNA sequencing. The vector was used as the template for transcription in vitro. The transcribed mRNA fragments are of Ϸ340 nt, depending on the source of the bacteria species, and started at approximately ϩ220 nt in the gene sequences. The prEGS1 (5Ј-CCNAANUUNC-CNUGNCCACCA-3Ј) was generated as described (15) . The prEGS1 sequence Table 3 .
contains 5 random nt of 21 nt. It was designed to target the gyrA gene from different bacterial strains. Oligonucleotide G241U 5Ј-gga ccg ccg agt cac cac cag-3Ј and G241D 5Ј-gtg acc tgg tgg tga ctc ggc ggt cct gca-3Ј were used for construction of the E. coli plasmid that contained the EGS241 sequence. For EGS313, the oligos were UP 5Ј-GCCGAAGTTACCCTGACCACCAG-3Ј and DOWN 5Ј-GTGACCTGGTCAGGGTAACTTCGGCTGCA-3Ј. The constructions of the plasmids were performed with the annealed products of the oligos and pUC/ T7AEFRNAHHT7T as described (17) .
Mapping of Accessible Sites in the gyrA or rnpA mRNAs. The rEGS assay for the gyrA and rnpA mRNAs was performed as described (15) . The prEGS in 10-, 100-, or 1,000-fold molar excess was incubated with 10 nM 5Ј end-labeled rnpA mRNAs in PA buffer [50 mM Tris⅐Cl (pH 7.5), 10 mM MgCl2, 100 mM NH 4 Cl] for 5 min at room temperature. Subsequently, 10 nM M1 RNA and 100 nM C5 protein were added to the mixture and further incubated for 30 min at 37°C. Reactions were terminated by adding 10 L of 10 M urea/10% phenol solution. Partial RNase T1 reaction was performed as described (8) . After the reaction, the mRNA was separated on a 5% or 8% polyacrylamide sequencing gel that contained 7 M urea. Partial alkaline ladder digests were carried out as described (15) . Cleavage sites were determined by comparing rEGS-mediated and partial RNase T1 cleavage products to partial alkaline ladder results. Primer extension was also carried out for gyrA prEGS313 as described (19) to confirm the identity of the cleavage site.
Preparation of the Target rnpA mRNAs and prEGSs. The templates for the rnpA mRNAs were prepared as described (15) . The PCR fragments were digested with the restriction enzymes KpnI and EcoRI, and then inserted into the vector pBluscript II SK (ϩ) digested with the same enzymes. The resulting plasmids pBSKC5BAf, pBSKC5BMf, pBSKC5YPf, and pBSKC5FTf were digested with the restriction enzymes PvuII and EcoRI, ethanol-precipitated and dissolved in distilled water, and used as the template for in vitro transcription using T7 RNA polymerase (15) . For construction of the plasmids carrying partial rnpA fragments of 4 bacteria the primers used were: C5BAK, 5Ј-Bsubt-F (5Ј-GACTGGTACCCGTGTCGGGCTTTCCGTCAG-3Ј), Bsubt-R (5Ј-GACTGGATC-CGACTTTCTGAATAGATGCTGCAG-3Ј), Efaec-F (5Ј-GACTGGTACCGTG-GGGATTTCTGTTGGGAAG-3Ј), Efaec-R (5Ј-GACTGGATCCCTACTCAATTC-CCTCTCTTACA-3Ј). The construction of the template for the prEGS targeting the rnpA was performed as described (15) . Primers of C5EGS (5Ј -CGCTAATACGACTCAC-TATAGGCKNYTNMWNMGRTTNCACCAGGGATTGTTCAGTAT-3Ј), map F, and map R were used for PCR amplification to yield a prEGS library for transcription in vitro with T7 RNA polymerase (14) .
PPMO-EGSs in Growth
Medium. PPMO-EGSs were received from Avi Biopharma. The peptide composition covalently linked to either the 5Ј or 3Ј termini of the oligonucleotide is (RXR)4XB-AcpP-PMO (1), where X is 6-aminohexanoic acid and B is ␤-alanine. These compounds were stored and diluted according to the manufacturer's instructions. Bacterial cells were grown overnight in LB broth and diluted to start fresh cultures. PPMO-EGSs were added to certain cultures at time 0 and the cultures were allowed to grow at 37°C in a shaking incubator. Aliquots were taken as indicated and plated out to measure cell growth. The position of the peptide, 5Ј or 3Ј ends, makes no difference in our experiments.
